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Letter to Nature: Mini-feature
An asteroid the size of Texas is heading towards the Earth and, if not stopped within eighteen days, the whole of mankind will be destroyed in the impact.  Though farfetched, the Armageddon movie brought up the question of what to do with an object hurtling towards us.  The movie’s solution is to drill 800 feet under the surface of the oncoming meteor and detonate a nuclear warhead inside it, but what’s to stop all the debris that would inevitably shower the Earth?  Obviously a nuclear warhead is a bit messy, but is there any way man will ever have the capability to match such an astronomical force?
This type of David vs. Goliath feat is not unknown in nature and has, in fact, played a vital role in determining the way in which our Universe has evolved and will evolve.  New evidence has shown that the bombardment of photons from the Sun on the small asteroid, 1862 Apollo, has caused it to change its spin rate.  This is known as the YORP effect.  Since the asteroid 1862 Apollo crosses Earth’s path, the implications of being able to effectively understand its rotational dynamics is critical in determining how our solar system will  evolve.
In 1900, the Russian scientist Ivan Osipovich Yarkovsky predicted that the thermal absorption and subsequent re-emission of the Sun’s photons from the surface of an asteroid would change its spin rate (this is known as the Yarkovsky effect).  Over a century later O'Keefe, Radzievskii and Paddack extended this theory by suggesting that an asteroid’s shape and its ability to reflect light (its albedo) determine the extent to which it is affected by the Yarkovsky effect, and hence the Yarkovsky-O’Keefe-Radzievski-Paddack (YORP) effect was founded. But until recently, the YORP model was purely theoretical with no direct evidence supporting it.  But in 2007, Mikko Kaasalainen et al. observed direct evidence for the YORP effect on the asteroid 1862 Apollo and Lowry et al. observed direct evidence on the asteroid 2000 PH5, thus proving that the YORP effect is an effective model for describing an asteroid’s rotational dynamics.
Yarkovsky predicted that the angular momentum carried by photons from the Sun would exert a force on the asteroid as it is reflected from its surface.  This net force would cause the asteroid to change its rotation rate.  Further to this, as the Sun’s light heats up the surface of the asteroid, the re-radiation of the thermal energy causes a net torque that changes the spin rate of the asteroid. 

O'Keefe, Radzievskii and Paddack extended this idea by saying that the asteroid’s shape and albedo determine the extent to which it is affected.  An asteroid that is irregularly shaped would have photons hitting certain areas of its surface more than others and thus there would be a net force in a particular direction depending on the shape of the asteroid.  Whereas, an elliptical or spherical asteroid will be affected in all directions equally and thus there is no net force.  Further to this, the extent to which the asteroid absorbs and reflects the incident light determines how much thermal radiation it emits, and thus determines the amount of net torque produced.
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Source: Asteroids: Spun in the Sun, Nature 446, 382-383(22 March 2007)
The YORP effect can speed up or slow down the rotation rate of an asteroid, depending on the direction in which the net torque is directed which, in turn, depends upon the shape and albedo of the asteroid.  In certain cases, if left for sufficient time, the direction of the asteroid’s spin can be altogether reversed.
The size of an asteroid determines the extent to which it is affected by the YORP effect and so, only small asteroids will exhibit measurable changes.  Furthermore, the irregularity of the asteroid’s shape will determine the magnitude and direction of the change in spin.  Thus, with an average size of ten kilometres and an irregularly shaped body, the 1862 Apollo was a prime candidate for measuring the YORP effect.  
Using data from over the past 25 years, Mikko Kaasalainen et al. used light curves to measure 1862 Apollo’s shape and, from this, deduced the changes in its rotation rate.  These light curves showed that the asteroid had increased its rotation rate by the same amount as that predicted by the YORP model, thus showing that the YORP model is accurate for describing the rotational dynamics of small irregularly shaped bodies.  The data showed that if the YORP effect was not taken into consideration when measuring the changes to an asteroid’s rotation rate, these changes could not otherwise be explained.
From the results, it was found that the rotational period of 1862 Apollo was increased by four milliseconds each year.  Though seemingly small, when put in the perspective of the lifetime of our Universe, such minute changes can determine the way in which our Universe has evolved, and will continue to evolve.  
In their observations, Lowry et al. found that the rotational rate of 2000 PH5 has increased more than 1862 Apollo, thus verifying that small bodies are affected more by the YORP effect.
The YORP effect can cause asteroids to shed some of their matter as their spin rate increases.  This is to enable the asteroid to conserve angular momentum as it reaches higher rotational velocities.  This provides an explanation as to why some asteroids have ‘satellites’ (smaller bulks of rock orbiting the main asteroid), such as those in the asteroid belt between Mars and Jupiter.

But what does this mean for us?  The 1862 Apollo is a near-earth asteroid and the changes to its rotational and orbital dynamics caused by the YORP effect may direct it into the path of the Earth.  So far there has been no direct evidence to suggest that an asteroid could be directed to Earth due only to the YORP effect.  But with our increasing curiosity to understand our Universe, armed with the observations of Mikko Kaasalainen et al., the rotational dynamics of astronomical bodies is an ever increasingly pertinent issue.
The findings of Mikko Kaasalainen et al. show that the YORP model is a well-substantiated theory on which future research can be based.  But its shortcoming is that the shape of the asteroid and its current rotation rate must be known before any predictions of YORP-induced changes to its rotational dynamics can be made.

So rather than using brute force to hastily destroy an asteroid hurtling towards the Earth, the subtle touch of light particles, if given enough time, seems to do the trick.
The Sunlight is re-radiated away at right angles to the surface of the asteroid causing the torque of the asteroid to change in the direction shown in the diagram.  If the asteroid is unevenly shaped, there will be a net torque that will cause a change in the asteroid’s spin rate.














